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1. ABSTRACT

Pased on experience obtained with the first two tubes
constructed under this contract, three additional Phase II
tubes per Design "A" were built during the fourth quarter
period covered by this report. They were made with a
heavier flange and different seal for the anode as contem=
plated in the previous progress report. Owing to this
change, assembly of the tube was made safer and more
flexible, and better alignment between sub-assemblies and
more accurate inspection became possible during assembly.
Exhaust and thorough baking did not affect these tubes
in any noticeable way. Operating characteristics were

investigated and found to possess satisfactory reproduci-~

.bility. Two tubes were operated successfully at the power

level of the stanford Linear Accelerator (epy = 40KV;
Ib = 4.0 Adc; ib = 3000a). Construction of the Phase Il

test equipment is proceeding as scheduled.




2. RURPOSE

The purpose of this contract is;

A Production Bngineering Measure (PEM) in accordance

with Step 1 of Signal Corps Industrial Preparedness Pro-

curement Requirements (SCIPPR) No. 15, for a stacked,

ceramic-metal construction Phase II, Super Power Hydrogen

Thyratron Tube, per Signal Corps Technical Requirements

8CL~7001/60 dated 1l October 1960 and SCS~103 dated

19 January 1961 to include the following sub=jitems:

(1)

(2)
(3)
(4)

(5)

All work under paragraph 3.1 of SCIPPR No. 15
necessary to establish the capability to manu-
facture the above mentioned Phase II tube on a
production-type basis.

Engineering Sample of Phase 1I Tube.

FPour preproduction samples of Phase II Tube.
Production type equipment necessary to manu-
facture and test four (4) Phase II tubes per

month.

8ix production type Phase II Tubes.

—2-
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3. NARRATIVE AND DATA

3.1 Problem Areas. In the design of the Phase II
tube, mechanical stability and 1nter-electro¢e alignment
and spacing were the primary considerations. Others, which
are related to these were reliabkility, reproducibility of
operating characteristics, and the possibility of disassembly
for salvage or repair. Experience gained with the first two
tubes showed that Design "A" satisfies mechanical require=
ments stemming from construction and processing during manue-
facture. However, the original anode flange used in these
tubes revealed a marginal condition during exhaust as a
consequence of intensive baking through which the relatively
thin wall of this flange was damaged. It was, therefore,
decided to abandon this particular type of flange and to
replace it by a much stronger heavy walled flange in connec=
tion with the same heliarc-welded seal as used on both ends
of the control grid. There were also other important reasons
for this decision. With the new seal, the anode is added to
the ceramic envelope section at a later step when most
convenient during final assembly. This means that this
section which contains the gradient grid is sealed without
the anode. Conditions for good alignment between the gradient

grid and the ceramic wall, and for checking this alignment,




3. NARRATIVE AND DATA (continyed)

are greatly improved. Also, when assembling this section
with the control grid, inspection for proper alignment and
spacing becomes feasible. Obviously, the same situation
applies to the anode, and the danger of losing an anode

in connection with the unsuccessful sealing of a gradient
grid section does not exist. On the other hand, with the
new seal, an anode may be easily removed from a finished
tube, and replaced.

Problems of alignment or of a mechanical nature have
not shown up for the base-cathode-reservoir assembly, and
they are not expected at present. Electrically, both
cathode and resarvoir heaters have proved to be reliable.
Cathode heater wattage was held at 500 watts as originally
planned, but performance at the specified Phase II power
level remains to be seen, and a reduction may have to be
contemplated in view of cathode life requirements. As
discussed in the last progress report,thermal shielding
of the reservoir was reduced and heater wattage increased
without sacrificing hydrogen £ill. Although no major
changes are planned at present, it is felt that the need
for a larger reservoir with improved operating charac~

teristics may become visible once the tube is operated at

full power.
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3. T A (continued

The effect of water cooling of the anode and of the
control grid has not been explored up to now. Investi=-
gation will have to wait until the Phase II test set is
available. Then the performance of the gradient grid
and the possible need for intensive cooling of it may
become one of the major problems. Up to now, and at
the power level of the SLAC modulator (epy = 40KV;
ib = 4.0 Adc; ib = 3000a; Ip = 110 Aac RMS) tubes have
been operated in trial runs of several hours without any
cooling by forced air or water at all. This seems to

indicate that artificial cooling is necessary under

high Pb conditions only as imposed by the Phase II

specification, and that under less rigid conditions,
cooling with forced air will be sufficient.

3.2 construction of Tubes. Three tubes, Nos. 3,

4, and 5 were built, exhausted and aged. They were made
with the new anode assembly shown in Figure 1. This anode
has a heavy walled flange and a solid copper ring which,
in connection with a nickel sleeve, forms part of the
seal with the ceramic envelope. The thin walled flexible
flange of the old anode used in tubes No. 1 and 2 was

replaced by this structure, but besides this, no other
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3. NARRATIVE AND DATA (continued)

changes were made in this assembly. However, as a
consequence of this change, a modification in the ceramic
section which contains the gradient grid, shown in Figure
2, became necessary as a second KOVAR flange had to be
substituted for the original anode flange. No changes
were made in the control grid assembly, Figure 3, and the
base flange section, Figure 4, which form the other part
of the envelope. The control grid assembly is shown with
two cooling jacket sleeves to which a cooling jacket (not
shown) is welded at a later step (after exhaust).

The gradient grid section is sealed under hydrogen
in a vertical bell jar type furnace, and as both ends are
open, jigging and subsequent inspection for alignment of
the grid shields and of the KOVAR flanges with the ceramic
rings is not difficult to carry out. These alignments
obviously are essential for inter-electrode alignments.

Assembly of the tube envelope followed the same
steps described in the third quarterly report. Since the
anode does not form an integral part of the gradient grid
section, which is open on both ends and perfectly symme-

trical, alignments and spacings between these assemblies
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3. NARRATIVE AND DATA (continued)

ana with the control grid assembly, can be inspected
accurately and if necessary, corrections can be made
before final assembly and welding of the seals.

The base=-cathode-reservoir structure was sealed to
the base flange of the envelope as described in the
previous report. No changes were made except in one
detail through which the pressure characteristic of the
reservoir is improved. It had been noted that a reduction
in thermal shielding would permit running the reservoir at
a higher wattage without the necessity of reducing the
hydrogen £ill. Consequently, four large windows were
made 1. the cylindrical part of the base assembly shown
in Figure 5 of the third quarterly report, in which the
reservoir is installed. This measure actually permitted
operation of the reservoir at a 20% higher wattage.

The exhaust schedule for tubes No. 3, 4, and 5 was
essentially the same as for tubes No. 1 and 2. and as
explained in the previous report. Baking temperature was
between 600°C and 630°C and was held at this level for
two hours. After exhaust, the tubes were . leaned by

sand=blasting and nickel plated with the cu> g cavities
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3. NARRATIVE AND DATA {continued)

of the anode and of the control grid still open. The
plated cavities were subsequently closed by heliarc
welding with their respective cylindrical jacket and
flat top which are shown in the outline drawing of the
finished tube in Figure 5.

3.3 Data and Results. Tubes 3. 4, and 5 were made

without shrinkage of any part or sub-assembly and without
any failure in the heliarc welded seals of the complete
assemblies, and they went through exhaust and high baking
temperatures without being affected mechanically in any
way. This seems to confirm that the seal design of the
control grid which was used on the anode is adequate :n
both places.

This picture is somewhat darkened by a mishap which
occurred to tube No. 3 during exhaust. As was found
later, the valve through which the exhaust manifold was
connected to the leak detector had an internal leak which
allowed some air to get into the tube whenever the leak
detector was flooded for other tests As a consequence,
this tube during aging exhibited all s.gns of being con-

taminated, and had to be given up. Care was taken to
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3. NARRATIVE AND DATA (continued)

make sure that this performance was not due to a ieak in
the tube.

Tubes 4 and 5 were aged and operated in a Girdler
Senior Set under the following conditions: epy = 40KV;
Ib = 2.75 Adc; ib = 2400a; Pb = 40 X 10°. operating
characteristics were very much like those found in tube
No. 1. No cooling by water or forced air was used during
these runs as the anode temperature did not exceed 250%%.
Tube No. 4 was also operated in an improviged set at the
power level of the stanford Linear Accelerator (epy = 4OKV.
Ib = 4.0 Adc; ib = 3000a). This was done in order t.
compare with successful runs made with tube No. i in one
of the Stanford Modulators. Although the improvised set
had many shortcomings, satisfactory runs of several hours'’
duration were made with tube No. 4 at voltages up ¢t/
epy = 44KV.

some data obtained during the inspection and process.nc
of Phase 1I assemblies and tvbes, per Design “A", which
are related to the question of reproducibility of dimension-

and other tube data, are showr in Tables 1 and




Jo3xenb U3IINO3 HUTIND PAYSTUTI JOU SDANL sa»

*SIYOUT UT SUOTSUSWTd °€ pPuwR ‘Z ‘T saxnbrd 995

W8T €£8°1 osy°¢ 98v° ¢ 6TL°T S8c° € pTL T 99¢€° ¢ sal® oqnl

8€8°T 6Z8°T €LY € o6¥b°¢ ozL T z9¢e°¢ PTLT 6SE°€ s39% oqNL d

—4

8€8°T T1€8°T 88y ¢ 6LY°¢€ €TL 69€°€ 6TL°T LLe e S# aqny '
SE8°T T¥8°T S6v°¢ o6 ¢ Lt 9LE°€ 6TL°T y9€° € v oqny
E¥8°T €£8°T osy ¢ 11:1 A~ sZL T zLe¢ €ELT z8e°¢€ £# aqny
SE8°T S€8°1 €8P € (%:) A 8ZL 1 oLE"€ 8ZL 1 OLE E ubtseq
da v o w q v a v sUOTSUSWTA
UOTIDSS PTID JULTPRID PTI® TOI3UOD spouy Arquessy

puedeq sburowds spox3zdeTT-IOUT
YOTHYA U0 UOTIDSS DTID JUSTPRID SY3 puw

‘PTIOD TOIIUOD Y3 ‘SPOUV BY3 JO SUOTSUSWId :T FTEVL

[ ] L] L] L L] e L b ~—— . — —— - - L L L L] [ ——




- ik o Ak el G G e o ae e Al Al Al B A e e O cae

TABLE 2: Gas Fill and oOperating Data

Iube No. Eill B Et(Base) S ¢ S ¢ 2
1 (see note) g3 750 4.3 200 73.0 24.0
3 90 560w - -
4 83 590 4.9 220 8l1.5 2.1
5 93 650 4.7 215 8l.: 24.0

* Pressure reading may he affected by air.

rill:

Amount of hydrogen in liter x millimeter at room temperature:

Pressure in microns at which the resexrvoir itabilizes with

Br = 5.0 vac;

Br(Base): Calculated base setting of the reservoir corresponding

1£;

Ix:

Note:

to 550 microns;

Time in seconds for the control grid to £fire aﬁ Er = 5.0 Vac
trigger = 1100 V;

cathode heater current in Aac at Ef = 6.3 vac

Reservoir heater current in Aac at Br = >.0 Vac

In tube No. 1 stabilizing pressure Ps is nigher as
the reservoir is more effectively shielded. Fill 1»
87 liter x mm and not 100 as indicated by mistake i:
last report. Cathode heater current of 73.0 Aac is
due to smaller diameter heater wire.

-]ll-




3. ATA (continued

3.4 Test Equipment. A Final Design Review Meeting

was held on December 27, 1962 at Evans Signal Area, Belmar,
New Jersey. Construction work is being carried out as

planned by the G.E. Company in Holyoke, Massachusetts.

-]12=
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4. co UsS1o
Design “A”", with an improved anode seal, provides
a Phase II tube which is mechanically adequate and has
inter~electrode alignments and spacings within close
tolerances. Reproducibility of operating data and
reliability of operation are satisfactory.
S.  PROGRAM FOR NEXT INTERVAL
a) Construct a group of preproduction tubes per
Design "A". Improve dimensions of sub-
assemblies, alignments and spacings. Work
out jigging and inspection methods. Obtain

more information on operating characteristics.
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6. PUBLICATIONS AND REPORTS
A Final Design Review Meeting was held on December 27,
1962 at Evans Signal Area, Belmar, New Jersey, and attended

by the following:

Name Affiliation Title
Harry Shienbloom USAEMA Project Engineer
8ol Schneider USAERDL Physicist
John E. Creedon USAERDL Physicist
A. J. Buffa USAERDL Electronic Engineer
G. E. Lewis General Electric Mfg. - Eng'g. & Mkty.
HVST Sect.
R. 8. Ringland General Electric Systems Engineer
L. B. Riddell General Electric Sales Engineer
W. C. Stone General Blectric Marketing
Herman E. Krefft Kuthe Laboratories Senior Physicist
A. E. Gordong Kuthe Laboratories Chief Engineer
w] 4G
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IDENTIFICATION OF TECHNICIANS

During the period covered by this

were devoted to this contract:

. &. GORDON

E. KREFFT

PELECHATY

STREET

Chief Engineer
Project Leader
Draftsman

Laboratory Technician

Total

-l5=

report, 963 man«<hours

Hours Spent On

contract

125
378
72

388

963
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9.  APPENDIX
1. Nork Scheduls and Delivery.

The chart on page 20 illustrates planning and
accomplishment of the work on the Phase 11 tube in relation

to required delivery dates.

19=
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10. DJISTRIBUTION LIST

NAME NO. OF COPIES

Advisory Group on Electron Devices 1
346 Broadway = 8th Floor
New York 13, New York

Commander - 10
Armed Services Technical Information Agency

Arlington Hall Sstation

Arlington 12, virginia

ATTN: TIPDR

Commander 1
Aeronautical Systems Division

wright=pPatterson Air Force Base

Dayton, Ohio

Chief, Bureau of Ships
Department of the Navy
washington 25, D. C.
ATTN: 69l1Aa

Canadian Liaison Officer 1
Army Materiel Command

Tempo 7, Room 1067

washington 25, D. C.

Commanding Officer 1
U. S. Army Electronics Materiel Support Agency

Fort Monmouth, New Jersey

ATTN: SELMS/PFE

commanding Officer 1
U. S. Army Electronics Research & Development

Agency

Fort Monmouth, New Jersey

ATTN: Chief, Special Tubes Branch

LY
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10. DISTRIBUTION LIST (continued)

NAME

Commanding Officer

U. S. Army Electronics Ma!: :riel uyency
225 South 18th Street

Philadelphia 3, Pennsylva:

ATTN: SELMA-~R2Db

ATTN: Chief, Quality Assura: - (Operations
Division

Commanding Officer

Chicago Procurement District, u. S. Army
623 South wabash Avenue

Chicago 5, Illinois

ATTN: Chief, Quality Assurance Division

Commanding Officer

Los Angeles Procurement District, U. S. Army

55 8. Grand Avenue
Pasadena 2, California
ATTN: Chief, Quality Assurance Division

Headquarters, ARDC
Griffiss AFB, New York
ATTN: Mr. L. Gubbins, RASGR

Bell Telephone Laboratories
Technical Reports Center
Whippany, New Jersey

ATTN: Miss Nan Farley

Edgerton, Germeshausen & Grier, Inc.
160 Brookline Avenue

Boston 15, Massachusetts

ATTN: Mr. S. Goldberg

NO. OF COPIES

1
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10. DIS BUTION LIST (continued

NAME

General Electric Company
Power Tube Department

1 River Road

Schenectady 5, New York
ATTN: Mr. D. L. Schaefer

Chatham Electronics

Division of Tung=Sol Electric, Inc.

630 wW. Mt. Pleasant Avenue
Livingston, New Jersey
ATTN: Mr. B. F. Steiger

-23-

NO,

OF COPIES

1




Kousby Tat1io3enw
$OTUOX3d9TE
Auxy *s°n

SB6S898 6£0
=-9¢VQd 3IdeI3UOD

gaqnl STWRIaD

suoxyerAyl
uaboxpAH

aqnl uoxjyexiylr
parJISsseroun

*85T3sTIDDRIRYD DBurexsd
3o A311rqyonpoxdax (sPuUId
‘sjusuubyre apoI3OaT[d UO vIe

310do¥ pPaTITSSETO
(5865898-6£0-9€YA IDVIIUOD)
i 110 4 4
9 ‘dd g€z ‘g9 *TeW 9 O3 29
2aaq ¢ 3dy Hoxad zend WPanod

333911 °3 °
TENL NONLYIARL NIDONGAH HIMOd
3¥2dns IT ISYHA TVISW OIWVYED

Aoszapr moN ‘YIeMmoN
‘satTIOo3ReIOqR] unusxj

oV

<duy

“ON UOTSS820Y

Aoueby
RIS
sOTUOIIOS T
Auxy *s°n

S8658°O% 60
-9€Vad 30eI3U0D

sSodr\], DTWRIID

suoxjexiyl
uabo IpAH

aqnl uoxyexAyl

peijisserdun

*s5TIsTI9DRIRYD bHutzexado
30 KX3111q71onpoxdax (sbuydeds

‘sausurubITR 2pOIIDSTD uo wIvd

1xoday potiTSSEIOUN
($8658°8-6£0-9£Yd IDVIIUOD)
©SnYTT

9 ‘dd g€z ‘€9 "2@W O 03 29
Seq ( 3 Hoxd Iend yiIINOI

3330 3 VU

FUNL NOYILVHAEL NIDOYAXH ¥IMOdJ
¥adNs IY ISVHA 'TVIEN SIWVHEID

Kasxap MON 'YIRMON
‘gaTIOIRIOQRT SUINN

av

°our

*ON uOTS§8adOV

Aouaby ToOTIOIOW
8O0TUOIIODTI

Amxy *sS°n

5865805 6£0
=9¢Vd 3IDVIIUOD

soqnl STWRI|D

suoxlexiyl,
uaboxpAH

aqnl uoxjexiyl

peorFTSseroun

*soT3IsSTIORDRIRYD DButrjeaado
30 K3rTrqQTronpoxdax !{sbHutoeds
‘gausuuATTe 3poX3IVDTD uo ejed

w. oy patyTSSeTOUn
ICEGL i 5=6L o=9EYA IOeIIUOD)
*sny{y

9 ‘dd €z ‘€9 "IEeW 9 03 29
990 ( 3dy Hoad zTend Y3zINnog

JaNlL NOWLVYAHL NIDOWAXH YaAMO4d
¥YIAANS IXI ISYHdA TVIIW DOIWVYIO

Kosxof maN ‘YTemsN
*dul ‘satxojexoqel IayIny

‘ON UOTSS920VY av

Koueby ToTIOIWW
80TUOI3IDOTH
Amxy °s°n

€8658°8 6¢£0
-9€v¥d 3IDVWIIUCD

seqnl OTWweIad

suoryexiyl
uaboxplH

aqny, uoxlexiylg

per3Tssetroun

*85138T193ovIeUD Surjeaado
30 K3111qTonpoadax (sbHurtdoeds
‘gausuubyTe 9poxldare uoc wied

axoday pPoOTIITSSRIOUN
($8658°8~6€£0-9€V¥A IDVIJUOD)
"snITY

9 ‘dd €7 ‘€9 “IW 9 03 Z9
oeq £ IAN Hoxd renl ulzInod

IF3ex I °H
FENL NOUIVYXHL NIOOHAXH ¥IMO4
¥IINS II ASVHA TYILHW DIRWYED

Kosxor MoN ‘IemaN
*Dur ‘seTIolRVIOqERT SUINN
*ON UOTISSadOY av




